Objective: The aim of this study was to compare the surgical outcomes of robotic-assisted radical hysterectomy (RRH) with traditional laparoscopic radical hysterectomy (TLRH) for the treatment of early-stage cervical cancer in a large retrospective cohort of a total of 933 patients. Methods: We have enrolled 100 patients into the RRH and 833 patients into the TLRH group. The surgical outcomes include operating time, blood loss, transfusion rate, pelvic lymph node yield, hospitalization days, duration of bowel function recovery, catheter removal before and after 3 weeks, conversion to laparotomy, and intraoperative and postoperative complications. Follow-up results were also analyzed for all patients. Results: Both groups have similar patient and tumor characteristics but patients with a larger lesion size were preferably enrolled in the TLRH treatment group. The treatment with RRH was generally superior to TLRH with respect to operating time, blood loss, length of hospitalization, duration of bowel function recovery, and postoperative complications. On follow-up of patients, there were no relapses reported in the RRH group compared with 4% of relapse cases and 2.9% of deaths because of metastasis in the TLRH group. No conversion of laparotomy occurred in the RRH group. No significant difference was found with respect to intraoperative complications and blood transfusion between both groups. Conclusions: The results from this study suggest that RRH is superior to TLRH with regard to surgical outcome and may pose a safe and feasible alternative to TLRH. The operating time and lymph node yield is acceptable. Our study is one of the largest single-center studies of surgical outcomes comparing RRH with TLRH during cervical cancer treatment and will significantly contribute to the safety of alternative treatment options for patients. Furthermore, the difference detected between TLRH and RRH group is further strengthened by the great expertise of the surgeon performing laparoscopic surgeries.
C ervical cancer is the second most common cancer in women according to the World Health Organization with an estimated number of 500,000 new cases and 250,000 deaths annually. 1 The standard of surgical treatment of early-stage cervical cancer is the open radical hysterectomy with pelvic lymphadenectomy. 2 In the early 90s, minimally invasive surgery has become an acceptable alternative to open radical hysterectomy for the treatment of cervical cancer. 3 The benefits of laparoscopy are less blood loss, decreased convalescence time, shorter hospital stay, decreased discomfort and superior wound healing compared with open radical hysterectomy. 4Y6 However, one of the drawbacks of the traditional laparoscopic radical hysterectomy (TLRH) is the long learning curve, 2-dimensional view, limited instruments movement, and poor ergonomics. 7 In recent years, the robotic-assisted radical hysterectomy (RRH) became increasingly popular compared with TLRH because of the possibility of 3-dimensional vision and enhanced mobility of surgical instruments and shorter learning time. 8, 9 In 2005, the DaVinci Surgical system was approved for the RRH. 10 Small comparative studies between open radical hysterectomy and TLRH or RRH have revealed that both techniques are safe in terms of surgical outcome and survival compared with the open radical hysterectomy, which is still the standard of treatment for cervical cancer. 11Y15 However, the number of studies comparing TLRH with RRH have been limited to small-sized studies with usually less than 50 patients in each study arm. 16 Furthermore, most of the comparative studies on radical open hysterectomy have been conducted in the United States and in Europe. To the best of our knowledge, our study is the first comparative study of TLRH and RRH in cervical cancer patients in the mainland of China. Our cohort study is the largest single-center study comparing RRH cases (n = 100) with TLRH cases (n = 833) to date analyzing surgical outcome in early stage cervical cancer. Although many comparison studies exist for RRH and open radical hysterectomy, the aim of our study was to compare RRH with the TLRH procedure in patients with cervical cancer stages IA, IB, and IIA.
MATERIALS AND METHODS

Patient and Tumor Characteristics
A total of 933 patients underwent surgery for cervical cancer by a single surgeon during July 2009 and June 2016 at the Obstetrics and Gynecology Hospital of Fudan University, Shanghai, China. Of all cases, 833 patients had undergone a TLRH and 100 patients underwent an RRH. All patients were predominantly from the eastern region of China, and everybody consented to the type of surgery they received for the treatment of cervical cancer. Approval of this study was obtained from the institutional ethics review board of the Obstetrics and Gyne- 
Surgical Instruments and Procedure
During the entire course of the laparoscopic surgery, the surgeon was positioned on a high stool. In our study, we used the EvisExera II CV-180 (Olympus, Tokyo, Japan) device for TLRH surgeries and the da Vinci Surgical System (Intuitive Surgical Inc, Sunnyvale, Calif) for the treatment with the RRH. Patients were first put under general endotracheal anesthesia and placed in a lithotomy-Trendelenburg position. The details of the surgical technique have been described in more details in previous studies. 19Y21 In brief, for TLRH, a 12-mm trocar was inserted into the umbilicus. Two 5-mm lateral trocars were placed symmetrically away from the umbilicus at a distance of 4 cm and below the horizontal-like of the umbilicus. The other 12-mm trocar was inserted bilaterally at the outer third of the iliac spine. For the robotic surgery, a total of 5 trocars were used. A 12-mm trocar was placed 4 cm away from the umbilicus for the camera. Two 8-mm trocars were placed 8 cm bilaterally to the umbilicus for the 2 robotic arms. In addition, a 5-and 12-mm trocar was placed in the left upper quadrant and the left outer third of the iliac spine umbilicus line for assistance, respectively. To expose the rectal-and vesical-vagina fold, an intrauterine manipulator was used for the uterus. For laparoscopy, a Harmonic Ace device was used (Ethicon, Cincinnati, Ohio), whereas for the RRH surgery a pair of monopolar scissors (Intuitive Surgical Inc) and fenestrated bipolar forceps (Intuitive Surgical Inc) were used. Pelvic lymphadenectomy was performed, and the ureter was dissected off the lateral peritoneum. For patients who opted for their ovaries to be removed, the infundibulopelvic ligament was cut, whereas for patients who opted to preserve their ovaries, the ovarian ligament was excised. The rectal vaginal peritoneal fold was exposed by manipulating the anterior part of the uterus. The uterine artery was cut, and the vessels were dissected over the ureter. The anterior and posterior vesico-uterine ligament on both sides were divided and incised. The cardinal and sacral ligament of the uterus were separated and dissected as previously described. 22 The parametrial tissue was incised 1 to 2 cm from the margin or cut one fourth to one third of the vagina for types B and C radical hysterectomy, respectively. Biopsies were taken from the measured vaginal tissue. The vaginal cuff was then closed with a running locking suture. Monocryl sutures were used for sewing the peritoneum from underneath the bladder to the surface of the rectum.
Parameters Studied and Statistical Analysis
We analyzed the following parameters in our study: perioperative variables such as age, body mass index (BMI), cancer stages, and tumor characteristics, and intraoperative factors such as conversion to laparotomy, blood transfusion, blood loss, and operative time, and postoperative variables such as complications, recovery, length of hospitalization, and follow-up results. The presence of a Foley catheter as a consequence of surgery was assessed in all patients after 3 weeks postsurgery. Operative time was defined as the time from incision to closure of the wound. Blood loss was defined as the sum of suctioned fluids and weighted gauze minus the use of other fluids at the end of the surgery. For statistical analysis, we performed a Student t test or Mann-Whitney U test for continuous variables and W 2 test for binary data. A multivariate logistic regression model was used to evaluate associations of outcome and exposure. The odds ratio (OR) was calculated for binary data with a confidence interval (CI) of 95%. The statistical P value was calculated where appropriate with an > level of 0.05. GraphPad software 6.0 was used to perform all statistical analysis.
RESULTS
A total of 933 patients were enrolled in our study of which 833 patients received a TLRH and 100 patients underwent a RRH for cervical cancer treatment. The median age was 47.1 T 9.49 and 45.9 T 8.85 years in the RRH and TLRH group, respectively ( Fig. 1A ; Table 1 ). There was no statistical difference in the mean BMI between both groups (22.5 T 2.6 kg/m 2 in the RRH group vs 22.6 T 2.3 kg/m 2 in the TLRH group) (Fig. 1B) . The mean width of the cardinal ligament of the uterus was significantly higher in the RRH group (3 T 0.38 cm) compared with the TLRH group (2.8 T 0.63 cm) lymphovascular space invasion was observed in 27% of RRH patients and 34.5% of TLRH patients. This difference was not statistically different (P = 0.69). The vaginal specimen length was similar in both groups ( Table 1) .
The cervical cancer stage was determined for each patient and categorized into stages according to the FIGO. In our study, we determined that 60% to 63.9% of patients had stage IB1, followed by 21% to 12% with stage IIA1 in the RRH and TLRH group, respectively (Table 1) . Only a few patients had stages IA2, IB2, and IIA2 disease ( Fig. 2A) . A type-II radical hysterectomy was only performed for stage IA2 cervical cancer, whereas type III was used for the other remaining stages of cancer (IB and IIA). Histological analysis of cancerous tissue was performed in all patients, and the type of tumor was identified in each group; in the RRH group: squamous cell carcinoma (n = 72, 72%), adenocarcinoma (n = 27, 27%), neuroendocrine carcinoma (n = 1, 1%) and in the TLRH group: squamous cell carcinoma (n = 707, 85%), adenocarcinoma (n = 111, 13%), neuroendocrine carcinoma (n = 12, 1.4%), and adenosquamous cell carcinoma (n = 3, 0.4%) (Fig. 2B) . The mean tumor lesion size of 2.5 T 1.02 cm in the RRH and 2.7 T 1.4 cm in the TLRH group was not statistically significant (P = 0.12) (Fig. 2C) . However, patients with tumor lesion sizes greater than 4 cm were significantly (P = 0.0008) more likely to receive laparoscopic radical hysterectomy compared with robotic-assisted surgery (Table 1) . Tumor infiltration with bilateral uterine involvement or vaginal involvement was not statistically different between the RRH and TLRH groups (n = 4, 4% vs n = 31, 3.7%; P = 0.88 with bilateral uterine involvement and n = 79, 79% and n = 744, 89.3%; P = 0.025 with bilateral vaginal involvement for RRH and TLRH groups, respectively). In the RRH group, 42% of cervical cancer patients had only superficial infiltration of the cervical stroma compared with 36% in the TLRH group. In 34% of patients in the RRH group, the tumor infiltrated the deep cervical muscle compared with 37% in the TLRH group. Metastasis was found in 27% of patients in the RRH group and in 34.5% of patients in the TLRH group and affected predominantly pelvic, iliac, and parametrial lymph nodes. This difference between both groups did not reach statistical significance.
To compare RRH with TLRH for the treatment of cervical cancer, we have analyzed the surgical outcome in all patients including operating time, blood loss, nodal count, length of hospitalization, blood transfusion, and intraoperative and postoperative complications ( Table 2 ). The operative time in the RRH group was 20 minutes shorter compared with the TLRH group conditioned on blood loss and tumor stage in a multivariate regression analysis. This effect was highly significant with 95% confidence (P G 0.0005). The mean operative time was 171 T 38.84 and 192.1 T 56.79 minutes (P = 0.0005) using robotic versus traditional laparoscopic surgery (Fig. 3A) . The risk of blood loss increased significantly with the operating time during surgery (P = 0.00021) and was lower in the RRH group (Fig. 3B) . The mean blood loss was significantly lower in the robotic group compared with the laparoscopic group (317.5 T 144.2 vs 322.5 T 178 mL; P = 0.015) (Fig. 3C) . In addition to that, the length of hospitalization was 1 day shorter in the RRH group compared with the TLRH group. This difference reached statistical significance with an > level of 0.05% (10.4 T 2.74 days RRH vs 11.5 T 3.94 days TLRH; P = 0.009) (Fig. 3D ). An overall mean of 22.4 pelvic lymph nodes were counted in each patient, and the ovaries were excised in most of the patients (61% in the RRH group and 56.3% in the TLRH group). Blood transfusion was significantly more often administered to the RRH group (P = 0.048) compared with the TLRH group. Eleven percent of the robotically treated and 5.9% of the traditional laparoscopically treated patients received blood transfusion. The catheter was removed in 97% of RRH patients within 3 weeks after surgery and in significantly fewer patients (88.8%) of the TLRH group (P = 0.011). In addition to that, the duration of bowel function recovery was faster in the robotic group compared with the traditional laparoscopic group (1.11 T 0.31 vs 2.06 T 0.54 days; P = 0.0001, respectively) (Fig. 3E) . Postoperative adjuvant radiotherapy was given to 40% and 55.3% of patients in the RRH and TLRH group, respectively. This difference was not significant (P = 0.09) comparing both groups. Conversion to laparotomy because of intraoperative complications occurred only in 3 patients of the TLRH group. Thus, after analyzing several surgical outcomes, robotic-assisted cervical hysterectomy is superior to the traditional laparoscopic surgery for the treatment of early-stage cervical cancer. Next, we analyzed intraoperative and postoperative complications within both groups of our cohort study ( (Table 3) . Of these patients, 7 patients had a major vessel injury, and 7 patients had bladder injury during the laparoscopic surgery. Postoperative complications occurred in 4% and 13.2% of robotic and laparoscopic patients, respectively (Table 3) . This difference reached statistical significance (P = 0.039). Within the RRH group, there was 1 patient who developed ureterovaginal fistula and 3 patients with hydronephrosis. Within the TLRH group, we reported 30 patients with ureterovaginal fistula, 44 patients with hydronephrosis, 3 patients with lymphedema, 12 patients with remnant drain catheter, and 4 patients with severe leg edema and pain. Follow-up of patients within our cohort revealed no relapses within the robotic group and 32 cases with relapse in the laparoscopic group (Table 2 ). This difference was statistically different (OR, 0.07 [CI, 0.004Y0.99]; P = 0.009). In brief, within the TLRH group, 4.2% of patients experienced a relapse, 2.9% died because of metastasis, and 2.1% were lost to followup. Thus, we have shown in this study that for the treatment of cervical cancer, the robotic-assisted type of surgery was beneficial compared with the traditional laparoscopic surgery with fewer intraoperative and postoperative complications, shorter operating time, decreased blood loss, reduced length of hospitalization, and better long-term outcomes during follow-up visits.
DISCUSSION
Few studies have suggested that minimally invasive surgery and RRH are feasible and safe options for the treatment of early stage cervical cancer. 16, 20 In contrast to this, other studies have demonstrated that no significant benefits exist comparing the RRH and TLRH procedure. 23, 24 Based on these contradictory findings larger studies are required to compare RRH with TLRH treatment to evaluate the benefits of this expensive surgical procedure. 25, 26 Our retrospective cohort study is one of the largest single-center studies of surgical and oncologic outcomes comparing RRH and TLRH and is the first study comparing both procedures in Chinese patients. A total of 100 and 833 patients were enrolled in the RRH and TLRH group for the treatment of early stage cervical cancer, respectively. A recent study by Wallin et al 26 analyzed 149 cases of RRH but these were compared with open radical hysterectomy and not to TLRH as conducted in our study. Of all 11 published studies comparing RRH with TLRH for the treatment of cervical cancer, the largest study included only 73 patients that underwent RRH surgery compared with 46 patients that opted for a TLRH procedure. 27 Although many of those studies include only stages IA and IB cervical cancer patients, we have also enrolled patients with stage IIA in our study. Similar to previously published studies, most of the patients had a squamous cell carcinoma but other tumor types were also identified in both groups including adenocarcinoma, neuroendocrine carcinoma, and adenosquamous cell carcinoma. The TLRH procedure was preferred over RRH for patients with a tumor lesion size greater than 4 cm and for tumors that infiltrated into the deep muscle of the cervix. This preference over RRH is probably because of an increased experience and familiarity of the surgeon with the TLRH procedure compared with RRH surgery. For both techniques, the learning curve is steep and involves many hours of practice to become proficient in instrument assembly and use of the robot arms. 19, 28 However, the surgeon performing the laparoscopic surgeries in this study has an exceptional proficiency in this technique because of the exceptionally large number of patients treated per year underlining the significance of our findings that RRH is superior to TLRH.
Our study was performed by a single surgeon at a singlecenter study site, which facilitates comparisons between the 2 treatment groups. A recent multi-institutional study from the United States has shown that the operating time and blood loss in both groups was significantly variable between both groups and compared with the open radical hysterectomy group depending on the surgeon's proficiency in both surgical techniques. 29 Regarding patient characteristics, there was no difference in mean age and BMI between both treatment groups in accordance with other similar studies. The mean age was 47 T 9.49 and 46 T 8.85 years in the RRH and TLRH group, respectively. Our main findings reveal that the RRH group was generally better in regard to surgical outcome compared with the RRH group. In support of this, several other studies have found that blood loss and the length of hospitalization were significantly reduced when undergoing an RRH surgery. 20, 26, 30 Contrary to this result, another study reported no benefit of RRH over TLRH treatment for cervical cancer patients. 13 In comparison with previously published reports, we have looked at many Data are presented as mean T SD or as percentage (%) of the total number (n). OR (odds ratio) and CI (95% confidence interval). *Student t test. †W 2 test. ‡P G 0.05 vs. the RRH.
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We have shown that the mean operating time in the RRH group was significantly reduced by approximately 20 minutes compared with the TLRH group (171.6 T 38.84 vs 192 T 56.79 minutes, respectively). The operating time in the RRH group was generally quite fast compared with the operating time documented in similar published studies. The shortest operating time was reported by 2 previously published studies with a mean time of 144 and 185 minutes. 31, 32 In contrast to this, there were also several other studies that had a much longer operating time in the RRH group compared with our study. 11, 22 Thus, the duration of the operating time is quite variable as the definition of ''operating time'' differs between studies. 7 Therefore, the lack of standardization of the term operating time makes it complicated to draw comprehensive conclusions from this outcome alone. A significant factor that contributes to an enhanced operating time is each surgeon's previous experience with TLRH and RRH surgery. Both TLRH and RRH require an increased operating time compared with the traditional open radical hysterectomy because the surgeons have to familiarize themselves first with the instrument assembly, docking, and console time. One study suggests that a minimum of 20 RRH surgeries are required to significantly reduce the operating time over time. 28 Contrary to this authors from another 2 studies argue that no previous experience is needed to reduce the operating time. 29, 33 Thus, it remains unclear if previous experience with RRH will decrease operating time.
We have also shown that blood loss is significantly reduced in the RRH group compared with the TLRH group. This is in accordance with 2 other studies that have shown that blood loss is significantly decreased in the RRH group compared with the TLRH group. 22, 34 In addition to that, blood loss was highest when using traditional radical hysterectomy surgery with a mean blood loss of 450 to 1000 mL. 11, 30, 32, 33 The reason for a decrease in blood loss during RRH surgery compared with TLRH is that the sacral afferent fibers and deep uterine veins can be more easily differentiated because of the robotic arm. In addition, the movement of the robotic arm results in stable traction and counter traction and excellent 3-dimensional view within a narrow space. 19, 22 A recent meta-analysis revealed that the blood loss in the RRH group can be as low as 78 or 82 mL. 16, 35, 36 In our study, the mean blood loss was much higher compared with those studies but was still significantly lower in the RRH group versus the TLRH group. However, it remains unclear why the RRH group required more blood transfusions during surgery compared with the TLRH group. Although more patients in the RRH group required blood transfusion compared with the TLRH group, all the other 89 of 100 patients in the RRH group were doing much better compared with the TLRH group in terms of blood loss and lost significantly less volume of blood compared with the TLRH group. The 11 patients who received the blood transfusion had a more advanced stage of cervical cancer, higher operating time compared with the mean operating time, and were older compared with the other patients in the RRH group.
Intraoperative and postoperative complications were decreased in the RRH group compared with the TLRH group, and no conversions to laparotomy were reported in our RRH patient group. In addition, RRH and TLRH procedures result in fewer intraoperative and postoperative complications compared with the traditional radical hysterectomy. 7, 16, 20 Similar to blood loss, the number of complications within each group is highly variable and dependent on previous experience of the surgeon with laparoscopy.
The length of hospital stay was significantly 1 day shorter in the RRH group compared with the TLRH group with a mean hospitalization time of 10 to 11 days in both groups. This is in contrast to a few other recent studies where the length of hospitalization was reported to be between 1.7 and 3 days. 14, 34 Interestingly, we noticed that studies from the United States tend to have much shorter duration of hospitalization compared with all laparoscopic studies conducted in Asia including 3 studies from Korea and 1 from Taiwan. 11, 12, 37 Maybe this is because of societal differences, because cancer patients in Asia tend to stay longer in the hospital because of national health insurance subsidies as suggested by Chen et al. 11 The dissection of pelvic lymph nodes during radical hysterectomy is critical for the outcome of the patient.
38Y40
Although only a mean of 9 lymph nodes was dissected using the traditional radical hysterectomy, an average of 20 lymph nodes was excised during TLRH or RRH surgery. 30, 41 In our study, we showed that the mean count of lymph nodes in both groups was 22.3 lymph nodes. No difference was observed between the RRH and TLRH group. The increase in lymph node counts that are dissected during RRH or TLRH procedures compared with the traditional hysterectomy is due to an increased precision with the laparoscope or robotic arm and is beneficial for the patient. 11 Lastly, we also assessed the frequency of relapse or deaths in RRH and TLRH treated patients. Our results reveal that the follow-up was significantly better in the RRH group compared with the TLRH group with no reported relapses in the robotic arm. However, this result has to be interpreted cautiously because the TLRH group contained more severe cases of cervical cancer compared with the RRH group in terms of tumor infiltration and size. One recent study has demonstrated that the recurrence rate in the RRH group was higher compared with the TLRH group. 26 However, this result may also be because of the experience of the surgeon with the RRH or TLRH procedure. Thus, structured training and monitoring outcomes are pivotal when introducing new treatment modalities. One limitation of our study was the lack of randomization and long-term follow-up studies.
In conclusion, we have shown in our study that RRH is superior to TLRH for the treatment of early-stage cervical cancer but the outcomes were generally quite similar in both groups. Although the cost of RRH is initially high for each hospital, the price per patient will drop with increased surgeon experience, shorter length of hospitalization, and increased number of RRH surgeries. 25, 26 This will eventually outweigh the benefits over costs. Our findings contribute to the field of robotic versus laparoscopic radical hysterectomy in terms of safety and feasibility, and we have demonstrated that the use of RRH is a safe and beneficial alternative to TLRH.
